INTRODUCTION
Yellowstone National Park is located in northwest Wyoming and includes parts of eastern Idaho and southern Montana ( fig. 1 ). It contains the Yellowstone caldera, which was formed by the largest Quaternary ash-flow tuff eruption in North America. The Yellowstone caldera represents the youngest of a series of volcanic eruptions that have migrated from the southwest to the northeast across the eastern Snake River Plain. This progression in time and space of volcanism has been interpreted as the track of a localized, mantle heat source or "hotspot" fixed beneath the continental crust of the northwestern United States (Morgan, 1972; Smith and Christiansen, 1980) as well as a propagating continental rift zone (Smith, 1978) . The vigorous hydrothermal system located within Yellowstone National Park may be heated by shallow bodies of partial melt.
Measurements of the Earth's gravity field may be used to interpret geologic structure in terms of density distributions. At Yellowstone National Park, significant density contrasts exist between the pyroclastic rocks that fill the caldera depression and the underlying basement as well as between the partial melt (if present) and the underlying batholith. Thus, interpretation of the gravity field at Yellowstone National Park can provide information on the structure of the Yellowstone caldera, the basement, and any partial melt bodies that may be present.
All available gravity data of Yellowstone National Park have been compiled to provide an updated list of principal facts (see tables 1 and 2) and to produce an isostatic gravity map. This compilation of gravity data consists of 514 stations obtained from the Defense Mapping Agency, 153 stations collected by the University of Utah, and 27 stations collected by the U.S. Geological Survey (USGS) in July 1987. All gravity data were reduced by standard USGS reduction techniques to give complete Bouguer anomaly values. Isostatic gravity anomaly values were computed by applying an Airy-Heiskanen isostatic correction.
DATA REDUCTION
The gravity data were reduced using the Geodetic Reference System of 1967 (International Association of Geodesy, 1971) . Mathematical equations foi corrections used by the USGS are given in Cordell and others (1982) . The following corrections were applied:
Earth tide to correct for the gravitational force of the sun and moon.
Instrument drift to compensate for drift in the instrument's spring.
Latitude to account for the variation of gravity with latitude.
Free-air to account for the decrease of gravity in free-air with increasing elevation.
Bouguer to account for the gravitational effect of the mass between the station and sea-level, assuming an infinite horizontal slab of thickness equal to the station elevation as a first order approximation and using a standard reduction density of 2.67 g/cm3 .
Curvature to correct the Bouguer correction for curvature of the earth.
Terrain to account for the gravitational effect of topography, using a standard reduction density of 2.67 g/cm3 .
Isostatic to account for the long-wavelength gravitational effect of isostatic compensation of the crust due to topographic loading.
All of the USGS data collected in July, 1987 , and the University of Utah data and some of the Defense Mapping Agency data were terrain corrected using the Hayford-Bowie (1912) method for the inner-zone correction. The terrain corrections consisted of two parts, the "field" and "hand" terrain corrections. The "field" terrain correction accounts for the region within 68 m of the station (Hayford-Bowie zones A and B) and is estimated in the field. "Field" terrain corrections were not available for the University of Utah and Defense
Mapping Agency data. The "hand" terrain correction accounts for the region 68-590 m from the station (Hayford-Bowie zones C and D). It is estimated from 7^-or 15-minute topographic maps. The outer-tone terrain correction accounts for the region 590 m to 166.7 km from the station. It was computed from a digital elevation model using a computer procedure by Plouff (1977) . The remainder of the Defense Mapping Agency data were terrain-corrected from 0-167 km using a computer procedure of Godson and Plouff (1988) .
SOURCES OF ERROR
The main source of error is in elevation control. An error of 1 m in elevation results in about a 0.2 mGal error in the gravity reduction. Most of the data were collected at or near bench marks and spot elevations, which are accurate to about 1 m and 3 m, respectively. Thus, errors of 0.2 to 0.6 in Gal associated with elevation control are expected for most of the data. A small fraction of the stations (mainly the University of Utah data with station names beginning with "84") were controlled in elevation by contour interpolation, which is considered accurate to about a contour interval. Because topographic maps with 20 to 80 foot contour intervals were used, these measurements would be expected to have errors of 1.2 to 4.8 mGal associated with elevation control. The next largest source of error is often the terrain correction, which is considered accurate to about 5 to 10% of its total value. Because some terrain corrections are as high as 34 mGal, errors as high as 3.4 mGal can be expected in the terrain correction, although the average error based on the average terrain correction is about 0.3 mGal. Observed gravity measurements are typically accurate to 0.05 mGal if a Lacoste and Romberg meter is used. In general, the Yellowstone gravity stations have errors equal to and less than 2.5 mGal (one contour interval). A four character accuracy code, described in table 2, is included for each station in the principal facts.
ISOSTATIC CORRECTION
The isostatic correction is made to remove the long-wavelength gravitational effect caused by isostatic
compensation. An Airy-Heiskanen model of isostatic compensation (Heiskanen and Vening Meinesz, 1958) was used for the isostatic correction. The Airy-Heiskanen model assumes no lateral density variations within the crust or mantle and assumes local compensation of topographic loading so that the crustal thickness, X, is determined by:
(1)
where T0 is the assumed crustal thickness for sea-level terrain, pt is the assumed density of topography, Ap is the assumed density contrast between the lower-crust and upper-mantle, and C is the surface elevation above sea level. The correction was computed by the program AIRYROOT (Simpson and others, 1983) , which uses a digital elevation model from the station to 166.7 km and corrections from Karki and others (1961) from 166.7 km to an angular distance of 180°. The Airy-Heiskanen model used assumed T0 = 30 km, pt =2.67 g/cm3 , and Ap 0.35 g/cm3 . These parameters were chosen for consistency with the isostatic gravity map of the United
States by Simpson and others (1985) .
We examined the effect on isostatic gravity values resulting from changing T 0 and Ap on the basis of seismic studies. Seismic refraction studies (Braile and others, 1982; Sparlin and others, 1982) (1962) . According to equation (1), using T=42 km and Ap=0.30 g/cm3 , T0 would be 27 km, very close to TO chosen in the actual model used for calculating the isostatic regional gravity. The effect of changing either Ap (figs. 5 and 6) or T 0 (figs. 7 and 8) on the isostatic correction is mainly a constant ("DC") shift within the Yellowstone National Park area. All of the isostatic regional corrections shown in Figures 5 and 7 describe a similarly curved regional gravity field within Yellowstone National Park. The combined effect of changing T0 from 30 km to 27 km and Ap from 0.35 g/cm 8 to 0.30 g/cm3 is about a -2 mGal "DC" shift in the isostatic correction for the Yellowstone National Park area. Clearly, the Airy-Heiskanen parameters Ap=0.35 g/cm 3
and X0 =30 km yield a model of regional gravity field that is very close to and consistent with the model constrained by seismic estimates of T0 and Ap. Thus, the nature of the regional gravity is similarly described by a range of Airy-Heiskanen parameters.
For other geologic reasons, it is not necessary to make an exact selection of the Airy-Heiskanen parameters based on seismic estimates. The Airy-Heiskanen model is a simplified model because lateral density variations within the crust and mantle are not considered. In the Yellowstone National Park area, a significant lateral variation in density of the crust must occur at about 10 to 20 km below sea-level based on anomalously high seismic velocities of about 6.5 km/sin contrast to background velocities of 6.0-6.1 km/s at those depths (Smith and others, 1982) . Braile and others (1982) and Sparlin and others (1982) have detected similar anomalous seismic velocity variations in the eastern Snake River Plain at depths of about 8 to 18 km. Braile and others (1982) attributed the high-velocity layer to cooling of magmatic intrusions within the upper crust after passing of the Yellowstone "hotspot", whereas Sparlin and others (1982) interpreted the high-velocity layer as mafic material that intruded the highly fractured upper crustal layer of the eastern Snake River Plain accompanying graben formation or as a petrologic transition due to metamoiphism of the upper crust by a rising heat source.
Regardless of the origin and lithology of this high-velocity layer, all of these interpretations agree that this layer exists beneath, but not very far beyond, the eastern Snake River Plain. Sparlin and others (1982) assigned a +0.21 g/cm8 density contrast to this lateral variation based on seismic velocity-density curves by Woollard (1962) and on gravity modeling. The similarity in seismic velocity, thickness, and depths of occurrence between the layers described by Braile and others (1982) , Sparlin and others (1982) , and Smith and others (1982) indicates that these high-velocity layers appear to belong to one continuous layer of similar composition.
The gravitational effect of this high-velocity layer underneath Yellowstone National Park, if assigned a density contrast of+0.21 g/cm8 , would be equivalent to the addition of a topographic load of 750 m. This additional load is not accounted for by the Airy-Heiskanen model.
Thus, at Yellowstone National Park, we conclude that it is preferable to maintain consistency with the published isostatic residual gravity map of the United States (Simpson and others, 1985) by using Ap=0.35 g/cm3 , Pt 2.61 g/cm8 , and T0 =30 km rather than to change these parameters based on seismic evidence because:
1) These parameters are close enough to the seismic estimates. The effect of changing these parameters primarily causes only a slight change (about -2 mGal) of the "DC" level of the isostatic correction.
2) The effect of lateral variations of density in the crust are significant and not considered by the Airy-Heiskanen model, cautioning an exact selection of the Airy-Heiskanen parameters. These lateral density variations should therefore be reflected as variations in the isostatic residual gravity values. with the aid of a helicopter. Due to the expense of such work, the off-road station coverage in Yellowstone National Park, though admirable, is far less dense (3-10 km spacing) than along the roads.
A BRIEF NOTE ON INTERPRETATION
Better station coverage would help in the interpretation of geologic structure at Yellowstone National Park.
For example, closed gravity highs or lows associated with single stations may not be real; only denser station coverage can determine the nature of these anomalies. Denser station coverage can also better define vertical density contacts associated with faults or fractures. For a vertical contact with a constant density contrast, the horizontal gravity gradient is maximized over the contact. Some of the steeply-dipping ring fractures or faults of the Yellowstone caldera complex are clearly defined by large horizontal gravity gradients where gravity data are adequate. Locations of maximum horizontal gravity gradients ( fig. 9 ) were determined by a computer algorithm (Blakely and Simpson, 1986) . Curvilinear strings of these points may define ring fractures and faults.
The extensions of these ring fractures and faults into regions of sparse gravity station coverage could be better defined with denser station coverage.
The average isostatic residual gravity value for the Yellowstone National Park stations is about 5 mGal and is significantly less than the average complete Bouguer gravity value of-225 mGal. The isostatic residual gravity values range from about -29 mGal in the northeastern part of Yellowstone caldera to over +40 mGal east and northwest of the caldera. The gravity low is caused by low-density pyroclastic rocks and sediments that fill the Yellowstone caldera depression and, to a lesser extent, shallow partial melts (Eaton and others, 1975) . The highs are associated with Tertiary andesitic and basaltic volcaniclastic rocks and lava flows and Paleozoic and Mesozoic metasedimentary rocks. The regional level of the isostatic residual gravity is about +25 to +30 mGal. Therefore, the gravity low associated with the caldera is about -53 to -58 mGal. As discussed in the previous section, changing the Airy-Heiskanen parameters based on seismic estimates in the eastern Snake River Plain would amount to about a -2 mGal "DC" shift in the isostatic correction. Therefore, the -f 25 to +30 mGal regional high is not attributable to the Airy-Heiskanen parameters.
The isostatic residual gravity map of the United States (Simpson and others, 1985) reveals a regional gravity high of about +25 to +30 mGal extending from Yellowstone National Park through the eastern Snake River Plain. This regional gravity high appears to correlate with the anomalously high 6.5 km/s seismic velocity layer between 8 and 20 km below sea-level previously mentioned in this report. Because the layer's areal extent, approximately 100 by 600 km, is at least 10 times greater than the layer's thickness, t, of about 10 km, the vertical gravitational attraction, g,, of this layer is nearly that of a "Bouguer slab," or gz = 2 T G Ap t fs +88 mGal where G is the Universal Gravitational Constant.If a density of+0.21 g/cm3 is assigned to the layer, then the vertical gravitational effect of the high-velocity layer is +88 mGal. The gravitational effect of the anomalously high-velocity, high-density layer (approximately +88 mGal) is much greater than the regional-scale isostatic residual high (+25 to +30 mGal). Therefore, this layer has at least partial isostatic compensation.
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